Multiple subpial transection (MST) is a novel technique in surgery for epilepsy, employed in patients where some or all of the epileptogenic zone cannot be resected because it lies in a vital cortical area. Twenty one patients subjected to MST were reviewed. Eighteen patients had medically intractable epilepsy and three patients had Landau-Kleffner syndrome. Their ages ranged from 6 to 47 (mean 15.9) and duration of epilepsy ranged from 033 to 42 (mean 8.6) years. Preoperative MRI showed focal abnormalities in eight cases. Detailed electrophysiological examination was carried out on all patients. Brain resection was performed in addition to MST in 12 patients. A further six patients underwent brain biopsy. Three patients with Landau-Kleffner syndrome were subjected neither to resection nor to biopsy. Histopathological examination showed Rasmussen's syndrome in six patients, cortical dysplasia in six, cerebral tumour in one, and non-specific changes in five. Multiple subpial transection was carried out mainly in precentral and postcentral regions. Eighteen patients have been followed up for one to five years, and three for 10 months. The three patients with LandauKleffner syndrome were mute before operation and have shown substantial recovery of speech. Of the other 18, 11 showed a worthwhile decrease in seizure frequency. None of the patients developed chronic neurological deficits attributable to MST. It is concluded that MST leads to worthwhile seizure control without major neurological deficit in patients who would otherwise be inoperable. (J Neurol Neurosurg Psychiatry 1995;58:344-349) 
15.9) and duration of epilepsy ranged from 033 to 42 (mean 8.6) years. Preoperative MRI showed focal abnormalities in eight cases. Detailed electrophysiological examination was carried out on all patients. Brain resection was performed in addition to MST in 12 patients. A further six patients underwent brain biopsy. Three patients with Landau-Kleffner syndrome were subjected neither to resection nor to biopsy. Histopathological examination showed Rasmussen's syndrome in six patients, cortical dysplasia in six, cerebral tumour in one, and non-specific changes in five. Multiple subpial transection was carried out mainly in precentral and postcentral regions. Eighteen patients have been followed up for one to five years, and three for 10 months. The three patients with LandauKleffner syndrome were mute before operation and have shown substantial recovery of speech. Of the other 18, 11 showed a worthwhile decrease in seizure frequency. None of the patients developed chronic neurological deficits attributable to MST. It is concluded that MST leads to worthwhile seizure control without major neurological deficit in patients who would otherwise be inoperable. There has been a steady increase during the past decade in the number of patients undergoing surgery for medically intractable seizures. Brain resection is the most common surgical procedure and typically some 58% of patients undergoing temporal lobe resection become seizure free.' Resection of cortical areas controlling speech, movement, and primary sensation is not feasible, however, as it results in unacceptable neurological deficit. Multiple subpial transection (MST) is a novel technique, conceived and first described by Morrell et al,2 and employed in those patients where the epileptogenic lesion cannot be resected because it lies in an eloquent cortical area. 24 The technique consists of severing horizontal intracortical fibres at intervals of 5 mm, while preserving both vertical fibres and the penetrating blood vessels from the pia. This results in reduction of the synchronised discharge from the epileptic focus and limitation of its spread without jeopardising the function of cerebral cortex. The procedure has been effective in controlling seizures without producing major postoperative neurological deficit.
Materials and methods
Among the 288 patients admitted the neurosurgical unit of the Maudsley Hospital for surgery for epilepsy from 1989 to mid-1993, 21 were found to be unfit for exclusively resective procedures as the epileptic zone was in a vital area of the cortex. They were subjected to MST with the procedure described by Morrell et (TABLE 1) Of group I, the 12 patients who had resection of the brain in addition to MST, seven were hemiparetic before the operation. All but one of this group developed considerable neurological deficit or worsening of existing hemiplegia in the immediate postoperative period. On follow up the deficits resolved and only two patients had worse function than before the operation.
In group II, six patients underwent brain biopsy in addition to MST and three had MST only. Of these three had preoperative hemiparesis. There was worsening of the hemiparesis in one patient, which subsequently improved. Three patients developed minimal fresh neurological deficit in the form of weakness of hand grip one case, dystonia one case, and hemiparesis one case, which improved over a few days. In no patient was eventual neurological state inferior to that before operation.
In four patients of group I and one of group II (excluding those with Landau-Kleffner syndrome), all with status epilepticus or multiple seizures daily, the eventual neurological deficit was less than before the operation.
No other complications were related directly to the procedure of MST. Arterial bleeding was encountered in one case and responded to appropriate measures. One patient whose general medical condition had been deteriorating preoperatively due to uncontrollable status epilepticus developed pulmonary embolism on the fourth postoperative day, but made a good recovery.
NEUROPHYSIOLOGY AND OUTCOME
The preoperative neurophysiological examination included routine EEG, telemetry, and subacute recording with subdural mats in nine patients. The routine wake and sleep EEG lateralised the lesion correctly in 14 patients and located the focus accurately in seven patients only.
Electrocorticography (ECoG) was carried out in 20 patients before and after MST; an adequate ECoG was not obtained in one patient for technical reasons. Table 2 gives the details of ECoG findings and their relation with the outcome of surgery.
Seven patients showed no clinically noticeable improvement. Findings in these patients ranged from a 100% increase in discharge rate, through a 50% or 90% reduction to complete abolition of ECoG discharged after MST. Conversely, failure to reduce the discharges (in four patients), or a reduction of not more than 50% (in four) was not incompatible with improvement, which occurred in five of these eight instances. Complete transection of the non-resected area of ECoG discharge was not feasible when the affected area extended on to the medial aspect of the hemisphere. Subtotal transection of the discharging area did not preclude clinical improvement, but this was achieved in only three of the six patients who had incomplete transections. 8 (1990) she developed seizures, which consisted of tonicclonic movements of the right limbs, and flickering of the right eye. Investigations at this time showed bitemporal abnormalities on EEG and normal CT, MRI, and SPECT. The diagnosis of Landau-Kleffner syndrome was made. Over the next two years her behaviour became difficult, she tried to injure herself and others and changed her sleeping habits. By March 1992, she was totally aphasic. She neither used nor responded to gesture and seemed incapable of any social interaction. The EEG showed both generalised and independent right and left temporal discharges. Electrical status epilepticus was present in slow wave sleep. Intracarotid sodium amytal and thiopentone suppression tests confirned the left side as the origin of the seizures. A left craniotomy with electrocorticography and extensive MST were carried out in the precentral gyrus, sylvian area, and posterior temporal and parietal lobes. Postoperatively she experienced right sided focal twitching with some mild weakness of the right hand. After three weeks her hand returned to normal and she was discharged taking sodium valproate (1 1 g) daily.
At three months her behaviour had improved as had her sleeping. She was able to pronounce 35-40 words and produce sentences of up to five words. She supplemented her limited speech by signing. Her verbal comprehension was good. A wake and sleep EEG was performed six months after the surgery and the only abnormality was an occasional right temporal spike discharge. After this she was gradually taken off sodium valproate. She had a vocabulary of 300 words, stringing together six word sentences by nine months. There was improvement in receptive language and behaviour. She had a generalised seizure and postictal right hemiparesis lasting for a few hours one year after the surgery, but there have been no seizures in the past 18 months. A further sleep EEG was performed and persistent epileptiform activity was now absent during sleep. After two years follow up improvement continued in respect of language and behaviour. She still had some difficulty pronouncing "d" and "g" and made some syntactic errors. She was reported to be among the most socially skilled of her class and worked with enthusiasm at her speech therapy.
Discussion
Experimental data show that the major thalamocortical connections have a trajectory perpendicular to the cortical surface and the vertical column is a master organisation principle of the cerebral cortex. [1] [2] [3] [4] [5] [6] [7] [8] Most of the cortical interneurons in the sensorimotor cortex relay information in a vertical cascade synapsing with apical dendrites of pyramidal cells. Further experiments in cats have shown that surgical cross hatching of the visual cortex or implantation of mica plates did not impair visual perception.9 10 These findings confirm that most of the cortical connections responsible for cerebral function lie in the vertical columns. If vertical columns are preserved the horizontal fibres can be severed without producing much functional deficit. This forms the basis of MST.
The paroxysmal depolarisation shift (PDS) is a common feature in many animal models of focal epilepsy.'-"' It is a prolonged depolarisation recorded intracellularly and accompanied by high frequency firing associated with interictal spikes on a surface EEG. Paroxysmal depolarisation shifts can be recorded from many cells in an epileptic focus in relation to surface spikes. This implies that an extensive synchronisation of several epileptic neurons is necessary to create an epileptiform field potential. The epileptic neurons do not exhibit an abnormality of resting potential when measured at the level of cell soma.'4 15 The fractional spikes are thought to arise from dendrites'6 17 and it is suggested that some membrane anomaly may exist and it may be mediated by side to side interactions among dendrites in superficial cortical laminae.'8 A burst in a single epileptic neuron does not constitute a propagating epileptic discharge, which requires synchronous activity of many neurons. The minimum volume essential to sustain synchronous spiking has been empirically determined to be 12-5 mm'.'920 Cortical islands greater than 5 mm3 can support paroxysmal discharge. [19] [20] [21] [22] [23] The evaluation of functional deficit due to MST was difficult in the present series as 12 out of 21 patients had brain resection in addition to MST and preoperative neurological deficit (excluding the dysphasia of the Landau-Kleffner syndrome) was present in 10. Of the patients who underwent brain biopsy or MST only (group II; n = 9), none had any sustained deterioration of neurological state. Among the 12 in whom resections were performed two had lasting neurological deterioration, severe in one. These results are consistent with findings reported earlier. In five patients the eventual neurological deficit was less than before surgery, the result probably of the relief of status epilepticus or very frequent seizures producing functional deficits.
Patients with Rasmussen's syndrome generally need major resections or hemispherectomy for control of seizures.24 Hemispherectomy, however, may be hard to justify, or indeed refused by the patient and relatives, if there is no severe neurological deficit. An intractable preoperative status epilepticus or epilepsia partialis continua was present in five of our six patients with Rasmussen's syndrome, and was temporarily controlled after MST in four. Three of the six patients had good long term seizure control, although one of them relapsed briefly after 18 months. The limited favourable experience with this procedure shows that it may have a role in the management of patients of Rasmussen's syndrome with mild neurological deficit. It remains to be determined whether there is any advantage in postponing by MST an eventual hemispherectomy in those patients in whom the condition continues to progress.
It seems logical that a functional operation intended to abolish epileptic discharges should be conducted under ECoG control. In the event the value of ECoG seems limited. Improved seizure control was more likely in those patients with a high initial discharge rate and a 90% reduction in discharges after MST ( 
